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@ Detection method and apparatus. 

@ A method of detecting a test substance as a complex with 
a labelled substance comprises a step for separating by 
electorphoresis to remove the labeBed substance that does not 
fonn the complex and a step for detecting the remaining 
labelled substance that forms the complex. 
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Descripflon 



DETECTION METHOD AND APPARATUS 



FIELD OF THE INVENTION 

The present invention relates to a method and an 
apparatus for qualitatively or quantitatively detecting 
a test substance capable of forming a complex e.g. 
DNA, RNA« or an immunological substance such as 
an antigen, or antibody. 
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DESCRIPTION OF THE PRIOR ART 

Electrophoresis Is widely used in separating DNA 
or RNA or in separating a variety of substances such 
as proteins,and involves separation by the use of 
differences in mobility of the substance In electric IS 
field. This is done by u^g the fact that there are 
differences in size and electric charge among DNA, 
RNA and proteins. The separation is feasible In 
various areas because different mobilities are pro* 
duced by adjusting concentration of the gel compo- 20 
nent of a buffer-containing polyacrylamide or aga- 
rose gel which is a generally applied medium in the 
electric field as weQ as by adjusting pH of the buffer 
solution. Then« such a separated substance Is 
usually detected as bands on a considerably long 25 
area on the gel of plate form. 

In nature, nucleotide sequence of DNA or RNA is 
"Inherent to the species of viruses and organisms. 
The single stranded DNA or RNA fomis a double 
strand (hybrid) specificaiiy with single stranded DNA 30 
or RNA complementary to the former. By using this 
feature reagents for detecting DNA or RNA have 
been developed and are cailed Dl^ probes, Several 
kinds of DNA probe kits are available on the market. 
In detecting DNA or RNA by utilizing these reagents . 35 
or kits, materials adsorbing and fixing DNA or RNA 
such as porous membranes of nitrocellulose or 
nylon are often employed In practical use. Rrst, DNA 
or RNA to be detected are adsorbed on the 
above-mentioned adsorbent-fixer material by spot- 40 
ting a test solution on or passing It through and fixed 
by heating. The adsorbent-fixer material is treated 
with a DNA not complementary to the DNA or RNA 
to be detected, for example, salmon sperm DNA. 
Then a hybrid is formed between the labelled or 45 
labelable DNA which Is complementary to the DNA 
or RNA to be detected, namely, DNA probe and the 
fixed DNA or RNA to be detected. After washed, the 
labelled substance is detected (when the probe has 
been labelled). Alternatively* if the probe has not 59 
been labelled, detection is made following treatment 
with a labeGng agent and washing. In this case. If the 
labeling agent Is a proton such as an enzyme, the 
residual adsorbing ability of the adsorbent-fixer 
material is blocked with a protein different from the 55 
labeling agent, for example, bovine serum albumm 
preceding the treatment with a labeling agent 

On the other hand, the general method for 
detecting ari immunological substance, that is, for 
detecting an antibody In a specimen Involves first 60 
placing a solution of an,antibody against the antigen 
to be detected In a vessel made of a material highly 
adsorptive for proteins such as polystyrene to 



adsortj the antibody on the surface of the vessel at 
the wail and bottom, blocking the remaining adsorp- 
tion capability of the vessel surface by treatment 
with an inactive protein such as bovine serum 
albumin, and after washed, placing a test solution in 
the vessel to get antigen in the test solution in 
contact with the adsorbed antibody thereby catch- 
Ing the antigen by an antigen-antibody reaction. 
Then, a treatment Is made with an antibody labelled 
with a radioisotope, a fluorescent agent or an 
enzyme to effect labeling by an antigen-antibody 
reaction followed by washing and then detection. In 
such detection method, in general, there is em- 
ployed as the reaction vessel a plate with 96 wells. 

There is often employed In the prior-art detection 
methods a support such as an adsorptive mem- 
brane, plastic or the wall of a vessel made of such a 
material. Accordingly, the better the adsorption 
efficiency of a substance the more will be non-spe- 
cific adsorption of the labelled substance. Then, in 
order to reduce such non-specific adsorption, 
blocking of the portion in which the non-specific 
adsorption is possible by means of an Inactive 
sut>sfance Is required, and moreover, there is a need 
for carrying out thorough washing at each of the 
treating stages. Therefore, the procedures become 
complicated, and a longer period of time Is required, 

SUMMARY OF THE INVENTION 

It is the objects of the present Invention to 
overcome such disadvantages of the prior-art 
methods to provide a detection method which is 
associated with lower possibQItyfbr the non-specific 
adsorption to occur, is simpler in procedure and 
requires a shorter period of tbne and an apparatus 
used therefor. 

According to the present invention, there Is 
provided a method of detecting a test substance as 
a complex with a labelled substance, which com- 
prises a step for separating by electrophoresis to 
remove the labelled substance that does not form 
the complex and a step for detecting the remalnlna 
labelled substance that forms the complex and an 
apparatus to be used for such method. 

Test substance as used herein includes DIsIA or 
RNA or virus-, microorganism-, animal- or plant- 
origin, or Irhmunologlcal substances such as antigen 
or antibody. Labelled substance as used herein is 
DNA or Ri^ that is complemehtery to the DNA or 
RNA of virxts-, microorganism-, animal- or plant- 
origin, and Immunological substance to which a 
labellno agent such as a tiuorescent, chemilumlnes - 
cent, radioisotopic or enzymatic agent Is attacne d. 
The labelled substance of the present Invention rnay 
be either one to which a labeling agent Is directiy 
attached as described above, or one in which the 
DNA, RNA or immunological substance is attached 
via a ligand or hapten such as biotin, dtnitrophenyl 
group, sutfonyl group or the like to antibody against 
hapten or avidin to which a labeling agent Is 
attached. 
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One of the characteristic features of the present 
tnvention lies in feasibility for the specimen solution 
containing a test subnstance to be treated with a 
labelled substance \n a homogeneous system within 
a vessel Another feature is the use of electro- 
phoresis as a means to detect the test substance by 
measuring the labelled substance which forms a 
complex remaining from separation following remo- 
val of the labelled substance which does not form 
the complex, these two labelled substances having 
been coexistent in a system. 

DESCRIPTION OF THE DRAWINGS 

Rg.1 shows an apparatus according to an 
embodiment of the present Invention, In which 
(a) is a sectional view of the apparatus which Is 
in application of electrophoresis and (b) is an 
plane view thereof; 

Flg.2 shows another example of a hole shape 
in the apparatus; 

Rg.3 shows a detecting apparatus according 
to another embodiment of the present inven- 
tion, having a tubular passage constituted by 
tubes; and 

Flg.4 shows an apparatus according to a 
. further embodiment of the present invention, 
using a gel molding having plural wells, in which 
. (a) Is a perspective view and (b) is a sectional 
view. 

^ In the drawings: 
1 „, plate 
2... hole 
3. ..gel layer 
4 ... specimen layer 
5 ... electroconductive solution 
6,6' ...electrodes opposite in polarity 
7. ..tube 
8. ..well 
9... gel molding 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
» An embodiment of the means for separating by 
electrophoresis the labelled substance that does not 
form the complex to remove it may be illustrated by 
the methods set forth below. One of them Is one by 
subjecting a specimen of the test substance treated 
with a labelled substance to electrophoresis by 
being stratified on a gel layer Thickness of the get 
layer may be appropriately chosen, but usually, It Is 
set in a range between 1 and 3 mm In consideration 
of oonditlons such as time for the electrophoresis, 
and mechanical strength. The gel layer Is desirably 
made of a material such as agarose or polyacryla- 
mlde fixed at a concentration through which the 
complex is not or hardly passed and the labelled 
substance can easily be passed. These arrange- 
ments allow the electrophoresis to proceed from the 
specimen layer toward the gel layer to maintain the 
complex on the surface of or within the gel layer and 
to pass the labelled substance that does not form 
the complex through the gel layer. In order to 
prevent convection of the specimen layer, the layer 
Is preferably made to gel by the addition of a material 
such as agarose at such a concentration that the 



complex and the labelled substance can move. It 
may be arranged, however, to allow the labelled 
substance that does not form a complex to move in a 
direction opposite to the complex by adjusting the 
5 pH of the electrophoretic medium. 

An alternative method is a method In which the 
specimen layer is Incoiporated with the gel layer. It Is 
arranged In such a way that the specimen solution Is 
incorporated Into a gel layer of a material such as 

10 agarose or acrylamlde at a concentration through 
which the complex Is not at all or almost passed but 
the labelled substance can easily be passed to 
remove the labelled substance that does not form 
the complex out of the gel layer. 

15 Then. In these cases, it Is essential that the 
complex is large enough as compared with the 
labelled substance to facilitate the separation. In the 
case where the test substance is such one as DNA 
or Rt^ the substance Is in nature large enough to 

20 allow satisfactory separation by employing DNA 
complementary to the former and labelled that is 
short In nature or has been cut short by such a 
means as an enzyme or ultrasonic treatment On the 
other hand. If the test substance Is one such as 

2S antigen or antibody which Is of approximately the 
same size as that of the labelled substance, 
separation will become feasible by forming a 
complex of the labelled substance with the test 
substance caught with a substance sufficiently 

30 larger than the labelled substance such as, for 
example, a polymer of antibody against the antigen 
or antigen against the antibody or a polymer to which 
the antigen or antibody Is bound. 
The apparatus of the present invention, which Is 

S5 for detecting a test substance, includes tubular 
passages which are each open at one end thereof 
and closed with a gel layer at the other end for 
providing a space to maintain and migrate a 
specimen containing the reaction mixture of the test 

40 substance and a labelled substance and to be 
subjected to electrophoresis, the apparatus further 
Including means for subjecting the specimen to 
electrophoresis. 
The apparatus shown In Fig.1 Is provided with a 

4S plate 1 with a large number of through holes 2 to 
maintain the specinrien or the gel, and a conductive 
solution layer 5 to subject the specimen layer 4 and 
the gel layer 3 to electrophoresis. The conductive 
solution layer is composed of two liquid layers each 

SO of which contains the mutually different electrode 6 
or 6'. As shown In Flg.1, the conductive liquid layer 6 
may be arranged in such a way that one of the liquid 
layer Is within each of the holes 2. Alternatively, It 
may be oh the holes. Any form may be used provided 

55 the two conductive solution layers are arranged in 
the opposite directions of the specimen layer 4 and 
the gel layer 3 to allow for electrophoresis to be 
applied to the two layers. 
Also as shown In Fig.1. the mutually opposite 

60 electrodes 8 and 6' also may be an^ged In such a 
way that one of the electrodes Is set In the liquid 
layer of each of the holes as with 6, or alternatively. It 
may be set as with 6'. The plate 1 is desirably set 
horizontally. However, a vertical or diagonal anrange- 

65 ment may be anwged. The plate may be made of 
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any material. Examples include plastics such as 
polys^ene, polycarbonate, polyethylene and poly- 
methyl methacrytete^ glass, gels such as agarose 
and potyacrylamide. 

In Rg.1, tubular passages which are each open at 
one end thereof and closed with a gel layer at the 
other end. Is consltuted by a plate 1 which has a 
plurality of through holes 2. The shape of the holes 2 
Is not specially limited, but a circular shape Is 
preferred, and any sectional shape may be adopted. 
For example, those holes may be of such a shape as 
shown in Rg.1, or may be tapered like Rg^ 
Prefersbfy, the holes are 3 to 5 mm in diameter and 1 
to 2 cm In length and It Is preferred that the holes are 
arranged regularV* 

Ideally, the plate t has a shape similar to the 
96-weII plate generally used In an Immunological 
detecting method. 

The gel layer may be used In such a mode as 
shown un Fig.1 In which It Is held wfthin the holes 
and a specimen layer Is placed thereon. Aftema- 
tivefy, the gel layer may be used In such a mode that 
it is present outside the holes in close contact with 
the lower ends of the holes and a specimen layer is 
placed thereon throuh the holes. By so doing there 
isfbnned a tubular passage closed with the gel layer. 
. As the tubular passage, in addition to the plate 
having a plurality of holes as referred to above, there 
;also may be adopted tubes 7 of a cylindrical or Gke 
shape formed of a plasfic material, for example as 
shown in Rg.3. In this case, the gel layer 3 may be 
brought into dose contact with one ends of the 
tubes 7 as shown in Rg.3. or one ends ofthe tubes 7 
way be slightly fitted in the gel layer 3. Of course, It Is 
possible to hold the gel layer 3 In the tubes 7 and 
place a specimen layer thereon, as shown In Rg.1. 

In the apparatus ofthe present Invention, more- 
over, the tubular passages and the gel layer may be 
Integrated Into a gel molding 9 having a plurali^ of 
wells 8, as shown in Rg.4. 

The detection mettiod according to the present 
Invention will be described below. Rrst, each of the 
specimens Is placed in a reaction vessel to which Is 
then added a labelled substance. The mbcture Is 
reacted to form a complex. SeparateVi a gel layer Is 
prepared In the holes ofthe plate as shown In Rg.1. 
The get layer may be in advance prepared one. As 
shown In Rg.1, the reaction solution Is stratHfed on 
the gel layer, or preferably, the reaction solution 
containing the gel component added at such 
concentration as described above is sfratiffed. 
Subsequently, the plate is set In such a way that the 
lower surface of the plate is In contact with the 
surface of the conductive solution le^r. Then a 
conductive solution Is poured on the upper surface 
of the plate to form upper conductive solution layer, 
followed by application of electric current at a 
predetermined voltage for a predetermined period of 
time. Then, the labelled substance Is measured. It Is 
preferable to do It while maintaining the gel layer in 
the holes. 

Conventfonal detecting methods are employable. 
For example, where the labelling agent is enzyme, 
the detection can be done by color development of 
the labelling enzyme through substrate. Where the 



labelling agent Is a radioisotope, the use of a 
scintillation counter or a Qeiger counter permits the 
detection, or the exposure of film to light Is effective. 
Where blotin or hapten is used as the labelled 

5 substance of the complex, a further reaction is 
allowed to take place between the complex and 
avidin or antiboc^ with a labelling agent such as 
enzyme Immobilized thereto, and thereafter the 
labelling agent is measured according to a conven- 

ro tional method, whereby the detection can be 
effected. 

In the case where the gel layer Is formed outside 
the holes 2 In the apparatus of Rg.1 , or where the gel 
layer is provided at one ends of the tubes 7 as in 

15 Rg. 3, only specimen may be placed In the holes 2 or 
the tubes 7. Also in the case of the gel molding 
shown in Rg.4, only specimen may be placed In the 
wells 8 because the bottom of the gel molding 9 
corresponds to the gel layer. The following oper- 

20 atlons are the same as In the case of the plate shown 
In Rg.1. 

In the detection method according to the present 
Invention, It Is feasible to form a complex of the test 
substance with a labelled substance by a treatment 

25 In a homogeneous system in a single vessel. There 
can be omitted the treatment step for Inhibiting 
non-specific adsorption and the washing step 
required In the prior-art methods. Time requirements 
can also be reduced. Furthermore, there Is no 

30 clogging of the porous membrane of nitrocellulose 
or nylon associated as in the filtration-adsorption 
method described above so that treatment of a large 
amount of test materials is feasible. 
Examples are given below to describe the present 

$5 Invention In more details. 

Example 1 

(1) Preparation of blotln-labelled 9X-174RF DMA 

40 To a mixture of 5 fil of the solution A4 of Nick 
translation reagent (BRU Gaitherburg. Maiyland 
20877, U.SJV.) (each 02, mM dATP, dCTP and 
dGTP), 2 fU of 9X-174RF DMA solution (0.6 ^g/nl), 
2.5 |U of 0.4 mM bIotin-11-dUTP and 35.5 ^ri of the 

45 solution E (HaO) was added 5 of the solution C 
(0.4 U/}il DNA polymerase. 40 pg/(d deo3^ribonu- 
dease) . The resulting mbcturs was Incubated at IS'^C 
for 1.5 hours. To the reaction mixture were added 5 
of tile solution D (300 mM EOTA) and 125[d of 5c/o 

50 aqueous solution of SDS. The resulting mixture was 
introduced Into 5 ml of Sephadex G-50 column, 
which was eiuted witii 1XSSC (0.15 M NaCI, 15 mM 
sodium citrate, pH=7J}). Each 150 pJ of the eluates 
was collected. Each ofthe eluates was spotted In an 

55 amount of 2 iil on a nitrocellulose filtration mem- 
brane. The membrane was heated at SO^'C for 30 
minutes. The filtration membrane was soaked In a 
blocking buffer [PBS (0. 13 M NaCI, 7 mM 
Na2HP04, 3 mM NaH2P04) containing 2o/o BSA. 

60 0.05<yb Triton X-100 and 5 mM EDTAJ at room 
temperature for 30 minutes. It was then soaked In a 
solution of Detek-1-acp detection complex (ENZO, 
325 Hudson Street. New Yortc. N.Y. 10013. U.S.A.) 
dHuted 1200 witfi Its dilution buffer. It was tiien 

65 washed five times witii a washing buff^ {0J5 M NaCl, 
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0.50/0 Triton X-100, 1 mM EDTA, 20/o BSA. 10 mM 
KPO4, pH ^SJ5) each for 5 minutes and twice with a 
predetection buffer (0.2 M sodium acetate, pH b5.8) 
each for 2 minutes. The filtration membrane was 
soaked in a 100:1 mixture of 1 mM naphthol AS-MX 5 
phosphate and Fast Violet B salt 4 mg/ml followed by 
incubation at room temperature for 15 minutes. 
Eluate fractions with color developed was collected 
to obtain ca. 1 (ig/ml solution of biotin-labeiled 
<pX-174RF DNA. 10 

(2) Detection of biotin-labeiled <pX-174RF DNA. 

The solution of biotin-tabeiled (pX-17RF DNA 
obtained under (1) above was dialyzed overnight 
against 1XTBE (89 mM Tds base, 89 mM boric acid, 2 15 
mM EDTA. PH =8.0) to form 1 ^ig/ml 1XTBE solution 
of the blotin- labelled <pX-174RF DNA. The solution 
was diluted with IXTBE to fhre specimens. 1 ^g/ml, 
100 ng/ml, 10 ng/ml and IXTBE only. Each 50 |iJ of 
the specimens was placed In a sample tube, to 20 
which 5 lil of 1:20 diluted solution of a detection 
complex of Detek-1-acp (ENZO). The mixture was 
incubated at 42''C for 10 minutes. Separately, 50 |il 
of a heated solution of IXTBE containing 3Wo 
agarose (6RL.) was Introduced Into the holes of a 25 
multi-hole plate with one side blocked by an 
adhesive tape of the electrophoresis apparatus 
shown In Flg.1 and cooled to form a gel. Separately, 
to the test solution was added each 50 pJ of a heated 
solution of IXTBE containing 1 .20/0 agarose, and the 30 
mixture was thoroughly stirred. Each 50 fil of the 
mixture was stratified on the gel layer In advance 
prepared, and allowed to fonfn a gel. The adhesive 
tape of the multi-hole plate was removed to allow for 
such an arrangement that the plate was in contact 3S 
with the surface of the IXTBE solution placed in the 
conductive solution layer. After Introducing IXTBE 
also in the conductive solution of the multi-hole 
plate, electric cunrent was applied at a voltage of 70V 
for 15 minutes using the electrode of the multi-hole 40 
plate as the cathode. The gel layer was then soaked 
in a 100:1 mixture of 1 mM naphthol AS-MX 
phosphate and predetectton buffer solution of Fast 
Violet B salt 4 mg/ml at room temperature for 15 
liours to develop color. The color development was 4S 
observed on the intersurfoce of the gel layer and the 
specimen layer. The lower limit of color development 
was 1 ng/ml of blotln-labelled <pX-174RF DNA in the 
solution. 

so 

Example 2 

(1) Cutting of blotin-labelled <pX-174RF DNA 

A 1 |ig/mi 1XSSC (0.15 M Nad. 15 mM sodium 
citrate, pH-7.0) of biotin-labelted <pX-174RF DNA 65 
was treated with an ultrasonic breaker (Kaijo DenkI 
4280 (six time at 1A for 10 seconds)). 

(2) Detection of 9X-I74 single-stranded DNA 

Each 25 of 1 ng/ml, 100 ng/ml. 10 ng/ml and 1 60 
ng/ml 1XSSC solution of <pX-174 single-stranded 
DNA (BRL) was placed In a sample tube, to which 
was added each 25 pj of the ultrasonic*treated 
blotln-labelled 9X-174RF DNA (1 jig/mi). The mbc- 
ture was boiled for 5 minutes and then Incubated at 65 



GO^Cfor 30 minutes and subsequently at 42*^0 for 10 
minutes. To the Incubated mixture was added 5 pj of 
1 :20 diluted solution of a detection complex of ENZO 
Detek-1-acp followed by incubation at 42° C for 1 
minute. To the incubated mixtures was added each 
50 pJ of a heated solution of IXTBE containing l^oyb 
agarose at 42'' C. and the mixture was thoroughly 
stirred. As in Example 1, 50 pi of the mixture was 
stratified on a 30/0 agarose gel layer in advance 
prepared to form a gel. Electric cunrent was applied 
at 70V for 20 minutes In the same way as In Example 
1. The gel layer was soaked In a 100:1 mixture of 1. 
mM naphthol AS-MS phosphate and a predetection 
buffer solution of Fast Violet B salt at room 
temperature for 15 hours. Color development was 
observed. The detection linryt of (pX-174 single- 
stranded DNA in the solution was 1 ng/ml. 



Claims 

1. In the method of detecting a test sub- 
stance as a complex with a labelled substance, 
said method comprises a step for separating by 
electorphoresls to remove the labelled sub- 
stance that does not form the complex and a 
step for detecting the remaining labelled sub- 
stance that f onris the complex. 

2. An apparatus for detecting a test sub- 
stance which comprises a plurality of tubular 
passages which are each open at one end 
thereof and closed with a gel layer at the other 
end for providing a space to maintain a 
specimen containing the reaction mixture of the 
test substance and a labelled substance and to 
subject the specimen to electrophoresis, and 
means for subjecting the specimen to ^ectro- 
phoresis. 

3. An apparatus of Qalm 2 wherein said 
tubular passages are constituted by a plate 
having a plurality of holes. 

4. An apparatus of Claim 2, wherein said 
tubular passages ctosed with a gel layer 
comprises a gel molding having a plurality of 
wells. 

5. A method of detecting a test substance 
which comprise contacting the test substance 
with a labelled or labelabie substance and 
detecting a complex formed between the test 
substance and the labelled or labelabie sub- 
stance, characterised in that uncompiexed 
labelled or labelabie substance is separated by 
electrophoresis prior to detection of said 
complex. 
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